There are limited water supplies available for the development of coal and oil shale industries in the upper Colorado River Basin. Fortunately % oil shale mining, retorting and reclamation do not require as much water as coal conversion; in-situ oil shale retorting would seem to be particularly desirable in the light of reduced water consumption.
Existing patterns of energy production, transport,and conversion suggest that more of the coal to be mined out West is apt to be transmitted to existing load centers rather than converted to electricity or gas in the water short West. Scenarios of development of the West's fossil fuels may be overestimating the need for water since they have assumed that major conversion industries would develop in the West.
Transport of coal to existing users will require all means of coal movement including unit trains, barges, and coal slurry pipelines. The .'latter is considered more desirable than the development of conversion industries in the West when overall water consumption is considered. States.) Two factors have led to this emphasis on western coals: (1) air quality standards which restrict the use of the high-sulfur coal now mined in the East, and (2) the strippable low-sulfur coal deposits in the Western States are generally thick and economically attractive to mine. Figure 1 clearly indicates the contrast in the amount of strippable coal reserves in the Western States as compared to the country as a whole. Strip-minable western coal now can be shipped profitably great distances and can compete favorably with low-sulphur eastern coal, which usually is mined underground.
When we speak of water for energy needs, we are referring primarily to the water deficient Upper Colorado River and Upper Missouri River basins. The significance of the water needs can be seen if we look at the distribution of the two most significant energy resources, coal and oil shale, on the same map ( fig. 2 ). In these two basins there are an estimated 150 billion tons of coal which can be economically mined. The 68 billion tons of coal are equivalent in heat value to 280 billion barrels of crude oil. In comparison, since its beginning in 1859, 2 the United States oil industry has produced 100 billion barrels of oil! Recent estimates by the U.S. Geological Survey put the Nation's measured reserves of crude oil at 34.25 billion barrels, and estimates of undiscovered, 3 recoverable oil resources at between 50 and 130 billion barrels . Figure 2 also shows the oil shale areas in the Green River basin, where potential yields of 25 gal/ton or more of shale oil can be obtained from deposits at least 10 feet thick. These higher-grade deposits amount to the equivalent of about 600 billion barrels of crude oil, of which about 243 billion barrels equivalent are considered recoverable . If both high-and low-grade deposits are included, our oil shale resource base is estimated to be at least 1,800 billion barrels of oil equivalent of which 1,300 billion barrels are located in Colorado . The block diagram of figure 3 helps to place in perspective the vast energy resources of the two basins with respect to this Nation's oil supplies.
One of the major obstacles to the development of western coal is the availability of adequate water supplies. Numerous scenarios of development for the Western States have been advanced in an attempt to estimate needed water supplies and to compare these estimates with supplies available.
In this paper we will look at: (1) water requirements for the various energy conversion processes; (2) water-supply requirements as suggested by different development scenarios; (3) water supplies available; (4) competing uses for these supplies by agriculture; and, (5) what may be a more viable approach to the use of western coal in light of present energy use, transportation modes, and water available.
« Water Requirements for Conversion and Utilization of Fossil Fuels
Total water requirements for the various development scenarios are based on the summing of the requirements for mining, reclamation, and the individual conversion processes. Numerous figures are advanced as to the water requirements for these various items, which vary principally due to differences in types and thicknesses of coal, amount of water contained in the coal, quality of water available, and method of cooling employed. Since closed cycle cooling is virtually mandatory, reasonable estimates of the water requirements can be made. 
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Surface and underground mining respectively. In the case of surface mining the water varies drastically ._. with thickness of coal and prevailing climatic conditions. ' The lower figure seems more probable, but actual amount varies ... with process utilized (see Reference 4) .
Includes water requirements for reclamation. * Transport of coal only; consumptive use by one of above conversion processes remains.
Coal conversion to other energy forms (electricity, gas, or liquid fuel), The presence of coal and the production of electric power are therefore synonymous, and to date, electric power is not widely transmitted outside the State or area of origin.
Plans to utilize the West's coal call for conversion to electric power and long distance transmission to existing load centers, contrary to present practices. As has been shown, production of electric power in the Western States would result in a major use of water. Thus the demand on limited western water supplies, plus the need to supply coal for onsite electric production for existing eastern users, would seem to be contradictory to the development scenarios previously mentioned.
Certainly there is the need for increased electrical power in the Western
States in support of increased domestic and local industrial requirements.
However, the movement of much of the future coal production via unit trains, slurry pipelines, and waterways to the demand centers in the east would seem the more viable approach than the transmission of electricity generated in a water-short area.
Figure 9 also shows the fuels used in the production of electricity.
Noteworthy is the reliance on hydropower in Washington, Oregon, and Idaho; the dependency is on gas and oil in the Northeast and on gas .in Texas, Louisiana, and Oklahoma. Replacing oil and gas requirements in these areas with coal may be a more viable alternative than producing their equivalent from coal in the Western States. For example, in 1974 Texas used 1,300,000 million cubic feet of natural gas for electrical production. This is equivalent to the amount projected by the NPC for a case of maximum production in 1985 in
Montana from 14 standard size gasification plants . This is not to suggest that gasification plants will not be needed in the future. However, western water deficiencies may dictate that the most practical approach will be to move the coal to present areas of oil and gas utilization before conversion;
rather than converting and then transporting the gas. Evidently, industry views the energy picture the same way as is evidenced in Texas, where an initial 12-million-ton-per-year coal terminal is planned for the port of Galveston to handle up to 24 million tons annually. Much of this coal would replace gas presently used for the production of electricity as well as other industrial processes now using natural gas.
The terminal would get coal by unit trains from Colorado or Wyoming. Texas Q A standard size plant is usually referred to as one that would produce 250 million scf (standard cubic feet) per day of pipeline gas at 954 Btu per cubic feet.
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is also planning to mine lignite to use in electrical generation.
Similarly, the Houston Natural Gas Corp. is planning a slurry pipeline from Colorado to Freeport, Texas. States are most vocal in opposing the use of water for energy at the expense of agriculture. There is considerable concern that vast acreages of western farming and grazing lands will be destroyed by strip mining.
The facts are that the Northern Great Plains area encompasses nearly 92 million acres, of which less than 3 percent are underlaid by minable coal.
It is also a fact that these strip-mined lands can and will be reclaimed 12 concurrently with mining. .The reclaimed lands can be restored to 13 original productivity or better ; furthermore, reclamation does not consume large quantities of water . In the Upper Colorado River basin, water available and projected water demands indicate that little, if any, surplus water is available. While additional storage will help alleviate the stress on this basin, there likely will be an upper limit to the use of water for energy. The competition for water for various energy developments is more pronounced in this basin than elsewhere.
As has been noted throughout this paper, essentially 50 percent of the water needed for energy is consumed in the production of electric power.
While much of this electric power is intended to support the various mining and conversion processes, as well as the anticipated increased populations involved in the energy industries, much of this electric power may be exported. The Western States must come to realize that such exports of power are also exports of water, just as are slurry pipelines.
Past performance indicates that fuels are consumed or converted to other forms of energy in close proximity to the user. Similarly, raw fuels can be transported great distances to load centers rather than being converted to electricity for subsequent transmission. The location of the Nation's industrial centers is well established, and coal is more apt to be transported directly to these areas. The need to transport large quantities of coal long distances will require all the means at our disposal including unit trains and slurry pipelines. 
